A B S T R A C T Objective
The aim of this study was to describe the sources of dietary variance, and determine the variance ratios and the number of days needed for estimating the habitual diet of adolescents.
Methods
Two 24 hour food recalls were used for estimating the energy, macronutrient, fatty acid, fiber and cholesterol intakes of 366 adolescents attending Public Schools in Natal, Rio Grande do Norte, Brazil. The variance ratio between the intrapersonal and interpersonal variances, determined by Analysis of Variance, was calculated. The number of days needed for estimating the habitual intake of each nutrient was given by the hypothetical correlation (r)≥0.9 between the actual and observed nutrient intakes.
Results
Sources of interpersonal variation were higher for all nutrients and in both genders. Variance ratios were <1 for all nutrients and higher in women. Two 24 hour dietary recalls were enough to assess energy, carbohydrate, fiber and saturated and monounsaturated fatty acid intakes accurately. However, the accurate assessment of protein, lipid, polyunsaturated fatty acid and cholesterol intakes required three 24 hour recalls.
Conclusion
Interpersonal dietary variance in adolescents was greater than intrapersonal variance for all nutrients, resulting in a variance ratio of less than 1. Two to three 24 hour recalls, depending on gender and the study nutrient, are necessary for estimating the habitual diet of this population.
Indexing terms: Adolescent. Energy intake. Food consumption. Nutrients. 
R E S U M O

I N T R O D U C T I O N
Data on food consumption and habitual diet are important in epidemiological studies not only because they allow estimating the energy and nutrient intakes of a population, but also because they demonstrate whether the consumed foods are associated with disease-related outcomes. Assessing habitual food intake is complex because it involves factors related to daily intake variability, information reliability and identification of under-or overreporting [1] [2] [3] . Food intake and variance estimates differ among populations, genders, age groups and cultures 4 . The number of 24 hour food Recalls (24hR) necessary for assessing habitual energy and nutrient intakes accurately remains controversial [5] [6] [7] [8] .
At least two nonconsecutive observation days has generally been suggested. Observation days must be planned considering seasons of the year and different days of the week. With these criteria, it is possible to estimate which intra-and interpersonal variations should be used for defining the number of consumption measures.
These measures of variance can therefore be used to conduct studies in similar populations 5, 6 . Variance ratios can also be used in population studies where food intake was measured for a single day. In this case, statistical adjustments are recommended to eliminate the effect of intrapersonal variance 9 .
Observed nutrient intakes vary significantly depending on age group 10, 11 , gender 12 and culture, as seen in Russian and American adolescents 7 . Adult period-to-period and day-to-day interpersonal variations contribute significantly to energy and macronutrient intake variations 2 . Brazilian studies that assess the number of 24hR needed for estimating the habitual intake of adolescents are scarce and have been done only in the country's southeast, in the cities of Piracicaba (São Paulo) 13 and São Paulo (São Paulo) 14 . The present study is different because it was done in the Northeast region where the sociocultural and socioeconomic indicators are differences. The aim of this investigation was to describe sources of data variance, and to calculate variance ratios and the number of days needed for estimating the habitual dietary intake of adolescents from the city of Natal, Rio Grande do Norte, Brazil.
M E T H O D S
A cross-sectional study was conducted with 432 adolescents aged 10 to 19 Study design, calculation of sample size, sampling and field logistics for data collection have been described elsewhere 15 . A pilot study was done to estimate the prevalence of dyslipidemia and determine sample size. The statistical parameters included an estimated limit of error of 4% and a sample loss of 30%.
The sample size (483) was defined by stratified sampling with Neyman allocation as follows: n North =285 n South =63 n East =34 n West =101, and the number of schools (21) was given by the mean number of students per school by proportional allocation: n North =9 n South =3 n East =3 n West =6.
Food intake
Each participant answered two specific 24 hour dietary recalls 16 at an interval of 30 to 45 days, according to the following criteria: (1) on different days excluding Mondays to avoid recording atypical data; (2) at different times of the month, considering the purchasing power of the families; and (3) at different times of the year due to seasonal foods.
Food intake data were collected by a team trained as recommended by Thompson & Byers 17 . Interviews were done at the schools.
Food intakes were recorded in cooking units aided by photographs of common foods and two manuals created by the researchers, namely the Household Utensil Measures Manual and the Food Portions Manual.
Despite the limitations associated with administering the 24hR to 10-year-olds, the information collected by each 24hR was double checked to assess interview quality and standardize food portions and recipes. Cooking units and food units were converted to grams, as recommended by the literature 18, 19 . Regional and other unusual preparations were made at the Food Technique Laboratory, Department of Nutrition, UFRN. Table  21 and United States Department of Agriculture (USDA) 22 databases were selected because of their more comprehensive and updated nutrition information, including that of regional foods. Nutrition information taken from processed food labels was also used. Participants with an energy intake greater than 5,000kcal or smaller than 500kcal were excluded 4 .
Data analysis
The study databank included the energy, carbohydrate, protein, lipid, MUFA, PUFA, SFA, fiber and cholesterol intake information stored in the Virtual Nutri 2.0 plus software 20 . The software Statistical Package for the Social Sciences (SPSS) 17.0 was used for the statistical analyses. Descriptive analysis (mean and standard deviation) and the skewness-kurtosis test for normality were also used.
Variance components were given by oneway Analysis of Variance (Anova). The Variance Ratio (VR) as calculated by the following formula: VR=s w 2/s b 2, where s w 2 is the intrapersonal variance (day-to-day food intake variation of the same individual) and s b 2 is the interpersonal variance (day-to-day food intake variation between two individuals). The equation proposed by Nelson et al. 23 was used for estimating correlation coefficient accuracy. The number of days needed for estimating habitual nutrient intake was based on the hypothetical correlation (r)≥0.9 between the actual and observed nutrient intake, given by the formula proposed by Black et al. 9 :
R E S U L T S
Of the sample of adolescents (n=432), 83% (n=184) of the boys and 87% (n=182) of the girls answered the second 24hR. Boys presented higher mean energy and nutrient intakes but the difference was not significant (Table 1) .
Considering all the nutrients, interpersonal sources of variance were greater than intrapersonal sources for both genders. Variance Ratios (VR) were less than one for all the nutrients and higher in the girls ( Table 2 ).
The findings show an "r" close to the hypothetical correlation (r)≥0.9 for actual and D is influenced by intrapersonal and interpersonal variance ratios. If the intrapersonal variance observed during the day is smaller than its interpersonal counterpart, a smaller number of repeated measures will be needed. D also depends on the selected r. Thus, depending on r, the number of study days will be higher or lower.
observed nutrient intakes. The number of 24hR necessary for determining habitual diet and assessing energy and nutrient intakes varied from two to three. Gender affected this finding significantly (Table 3) .
D I S C U S S I O N
The interpersonal variance found by the present study was the greatest source of nutrient intake variance, resulting in a VR of less than 1 and corroborating the findings of Laningan et al. 1 in children and Herbert et al. 24 in adults. The lack of variation in habitual dietary intake can be attributed to the low purchasing power and low education levels of the study population. Studies on food intake and dietary patterns done in other regions of Brazil found a VR greater than 1, stemming from higher intrapersonal variance 13, 14 . This demonstrates that the daily food intake of an individual is a random event, even though a particular group displays a stable food intake pattern 24 .
The variance ratios of the study sample were lower than those observed in Brazilian adolescents from the cities of São Paulo 14 and Piracicaba 13 . VR was higher in women, whose pattern was identical to that observed in female adolescents in Russia 7 , but different from the VR found by other studies 7, 14 . The best correlations between food consumption and outcome are observed in studies where VR is less than 1. These results are important for creating study designs that use dietary variable correlations as indicators of health and disease 7, 23 . Moreover, the findings of the present study, obtained by appropriate statistical methods [25] [26] [27] , may be useful for using VR to correct nutrient intake distribution based only on one 24hR per individual. The use of VR given by population studies with similar characteristics is an alternative to administering several individual 24hR to estimate habitual diet.
The number of days required for estimating the habitual diet of adolescents as a function of VR varied from two to three, being higher for females, except for energy intake. In both genders, carbohydrates and fibers require fewer study days. Among fatty acids, PUFA requires the highest number of study days and SFA the fewest. Hoffmann et al. 5 suggested that only two repeated measures of consumption would be necessary for estimating habitual intake, provided that data collection encompasses all seasons and days of the week.
This study did not assess the effect of month or day of the week. However, these variables have little influence on the estimation of the number of days required for determining habitual diet. This suggests that day-to-day nutrient intake is random. Therefore, no specific month or day of the week can be recommended 14 . Furthermore, the contribution of macronutrient and total energy intakes during different seasons does not provide additional information 28 .
Accurate assessment of food consumption poses a challenge, mainly due to dietary complexity, whose matrix has widely varying components and external factors. For these reasons, it is difficult to assess food intake without incurring into random and systematic errors, since they are inherent to individuals and the method used 4, 21, 29 .
In this study, the rigorous methodological approach used for data collection, food intake analysis and databank updating confirms the reliability of the results. When food consumption protocols are monitored more closely, especially during data collection, greater accuracy is achieved and fewer days are necessary for estimating the habitual intake of individuals and populations 2 .
In conclusion, interpersonal variation was greater than intrapersonal variation for all nutrients, resulting in a variance ratio of less than 1. The number of 24hR needed for determining the habitual diet of adolescents varied from 2 to 3, depending on nutrient and gender. Estimates of variance ratios found by the present study may be of use in other investigations with adolescents with similar socioeconomic and cultural characteristics. 
